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The key stepfor theplannedsynthesishouldbe the
stereoselectiveintroductionof thearylmoiety.Theelec-
tron-withdrawingBoc group, attachedto the amide
In thepresentcommunicationwedescribeaMichael-type
approachusinga modifiedpyroglutamicderivativeas
thetemplate to inducethestereoselectivity.The useof
naturalct-aminoacidsasstartingmaterialsfor thesyn-
thesisof enantiomericallypurecompoundshasgained
interestin recentimessincethesinglechiralcenterpro-
videsa usefulbuildingblock.7L-Glutamicacid,theleast
expensiveof all aminoacids,is,dueto itsversatilityand
availability,oneof themostusedin synthesis.A simple
retrosyntheticanalysis(Scheme2) ledus to considera
modifiedpyroglutamaticacidderivative28 as a useful
startingmaterialfor anasymmetricsynthesisof (R)-( - )-
rolipram(1).
A stereoselectivesynthesisof (R)-( - )-rolipram from L-glutamic
acidis described.The keystepis a stereoselectiveMichaeladdition
of an arylcuprateto a modifiedpyroglutamicderivativewhichacts
asthetemplateto inducethestereoselectivity.Facilemanipulation
ofthe enantiomericallypureMichaelproductaffordedtheexpected
therapeuticagent.
(R)-( - )-Rolipram(1),a potentinhibitorof thecardiac
cyclicAMP phosphodiesterase(cAMP PDE) enzyme
foundin braintissue,is of greatinterestasa therapeutic
agentfor thetreatmentof centralnervoussystemdisor-
ders.1In a recentpaper2 someof theenantioselective
synthesesof this compoundhave beenreviewed.In
Scheme1,four retrosyntheticdisconnectionsareshown
for (R)-( - )-rolipram(1). Disconnectionsa and b are
basedon thesameconcept,whereaconjugatedMichael
additionis employedasthekeystep.Whereasin route
a, thestereochemistryof thefinalproductis controlled
by thestereoselectiveconjugateadditionof RCuCNLi
to a chiralct,{J-unsaturatedbicycliclactam,3thediaste-
reoselectivityin routeb is controlledby thechiralityof
theenolateof a N-acetyloxazolidone,whichbehavesas
thenucleophilein thereactionwith a suitablenitrosty-
rene.4In routee,twosyntheticapproachesdevelopedby
Mulzeretal.,5 usingasuprafacialClaisenrearrangement
aresummarized.Finally, routed showsthemostrecent
approachwhichinvolvesanenantioselectived protona-
tion of a cyclobutanonederivativeusing(S,S')-ct,ct'-di-
methyldibenzylamideasa chiralbase.6
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nitrogen,activatesthetX,f3-unsaturatedsystemtowardthe
conjugate"addition of organocupratesand a bulky
protectedalcohol2 (R=CH20SiPh2Bu-t) providesthe
sterichindrancenecessarytocontrolthestereoselectivity
in theconjugateadditionof thearylcuprate3.
The preparationof thechiraldoublyprotectedtX,f3-un-
saturatedy-Iactam2 fromL-glutamicacidis welldocu-
mentedin theliterature.8The requiredbromoarene43
wasobtainedina4stepsynthesisfrom2-methoxyphenol
via: a) O-benzoylation,b) regioselectivelectrophylic
brominationof theO-protected2-methoxyphenol,c)de-
protectionof thebenzoylmoietyandfinally,d) O-alky-
lationwithcyclopentylbromide.
Thereactionof thearylcuprate3,producedin situfrom
aryl bromide4, BuLi anda suspensionof CuBr·SMe2,
withtheunsaturatedlactam2in thepresenceof trimeth-
ylsilylchloride9tookplacein goodyieldto producethe
expectedisomer5(Scheme3)wherethebulkylprotected
silyloxygroup inducesthe newlyformedstereocenter,
whichcould be confirmedby 1H NMR spectroscopy
(analysisof the crude reactionmixtureshowedthe
presenceof a singleproduct,de >95%). Standard
deprotectionof O-Si bondin 5 failedwith tetrabutyl-
ammoniumfluoride/obuttriethylammoniumfluoridell
workedquitewell, althougha long reactiontimewas
required.The oxidationof theprimaryalcohol6 using
Jonesreagentproducedthepyroglutamicacidderivative
7.Decarboxylation12simultaneouslyresultedin thede-
protectionof theBoc group,affording(R)-rolipram(1).
Althoughthedirectionandmagnitudeof theopticalro-
tationfor thiscompoundis identicalto previouslyre-
portedvalues,wecarriedouta chiralHPLC analysis13
for thissyntheticmaterialandtheracemate,indicating
morethan99% enantiomericpurity.Theracemate(±)-1
wassimultaneouslyobtainedfromachirall-tert-butoxy-
carbonyl-l,5-dihydro-2H-pyrrol-2-one(8)14by reaction
withthearylcuprate3.
In conclusion,thiswork representsan enantioselective
synthesisof R-( - )-rolipramusinga Michael-typeap-
proachfromreadilyavailablestartingmaterials.Thesyn-
thesisof alternativelymodifiedpyroglutamicprecursors
arenowin progressin orderto shortentheprocessand
resultswill bereportedin duecourse.
All solventsandreagentswerepurchasedfromcommercialsources
and usedas receivedunlessotherwiseindicated.Reactionswith
organometallicswererun in flamedriedglasswareunderan argon
atmosphere.THF and Et20 were dried over sodium wire and
distilledunderargon prior to use. 1H NMR and l3c NMR data
wererecordedonaVarianUnity (300MHz) usingCDCl3 assolvento
Melting pointsweredeterminedon a Büchiapparatusandarenot
corrected.Optical rotationsweremeasuredwith a Perkin-Elmer
241polarimeterusingMeOH as solventoChromatographicsepa-
rationswereperformedby using230-400meshsilicagel. (5S)-1-
tert-Butoxycarbony1-5-(tert-butyldiphenyIsiloxy)methyl-1,5-dihy-
dro-2H-pyrrol-2-one(2)8 and 1-tert-butoxycarbonyl-1,5-dihydro-
2H-pyrrol-2-one814werepreparedasdescribedin theliterature.
4-Bromo-2-eyclopentyloxyanisole(4):
2-Methoxypheny/Benzoate:An icecooledsolutionof 2-methoxy-
phenol(15g,0.12mol)inH20(75mL) wastreatedwithanaqueous
solution of NaOH (75mL 20%), then benzoylchloride(16.99g,
0.12mmol)wasaddeddropwise.The mixturewasstirredin an ice
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Reagents and Conditions
Seheme3
i) n-BuLi 1CuBr.SMe2/THF 1-35·C
ii) Me3SiCI/-78·C
iii) TEAF 1THF 1r.t
iv) Jones reagent 1o ·C
v) N-methylmorpholine 1 isobutyl chloroformate 1
N-hydroxy-2-lhiopyridone 1TEA 1THF 1-15·C Ilighl
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bath for 1h and thenat r.t. for 2h. The solution was extracted
with CH2Cl2 (2X 100mL) and subsequentlywashedwith H20
(2X 50mL). The organiclayerwasdried(MgS04) andon removal
of thesolvent2-methoxyphenylbenzoatewas obtainedas a solid
(14.14g, 51%); mp 58-60°C.
5-Bromo-2-methoxyphenol:A solution of Br2 (10.03g, 0.063mol)
in AcOH (10mL) was slowly added to a solution of the above
benzoate(13.02g, 0.057mol) in AcOH (65mL). The mixturewas
stirredat r.t. for 24h and thenmoreBr2 (3.22g, 0.020mol) in the
samesolvent(15mL) wasadded,and themixturestirredfor 24h.
The residuewhich wasobtainedby removalof thesolventat r.t.
wasdissolvedin CH2Cl2 (100mL) andwashedwitha satdsolution
of KHC03. The organiclayerwasdriedandevaporatedin vacuo
to givean oily productwhich on standingin pentaneyielded5-
bromo-2-methoxyphenolas a solid (10.98g, 70%); mp 62-64°C
(Lit.3 mp 60-62°C).
4-Bromo-2-cyclopentylox)'Gnisole(4): To a solution of the above
phenol (6.23g, 0.038mol) in anhyd DMF (50mL), were added
successivelypoweredanhydK2C03 (6.36g, 0.046mol) andcyclo-
pentylbromide(6.63g,0.046mol).The mixturewasstirredat60°C
for 24h. The solventwas evaporatedin vacuo and the residue
trituratedwith H20 andtheinorganicresidueremovedbyfiltration.
The solutionwasextractedwith CH2Cl2 (40mL), dried (MgS04)
and thesolventwasremovedin vacuoto yield4 asan oily product
(7.24g, 87%), whichwasusedwithout furtherpurificationin the
nextstep.
IHNMR (CDCI3): b =7.01-6.97 (m, 2H), 6.72 (d, 1H,
J =8.4Hz), 4.74-4.72(m, 1H), 3.73(s, 3H), 1.94-1.79(m, 6H),
1.64-1.58(m, 2H).
(4R,5S)-I-tert-Butoxycarbonyl-5-tert-butyIdiphenylsiloxymethyl-4-
(3-cyclopentyloxy-4-methoxyphenyI)pyrrolidine-2-one(5):
To a cooled (- 35°C) solution of 4 (1.79g, 6.6mmol) in anhyd
Et20 wasaddeda 1.6 M solution of BuLi in hexanes(4.13mL,
6.6mmol).The precipitateformedwasredissolvedby theslowad-
dition of anhydTHF andsiphonedto a suspensionof CuBr'SMe2
(0.682g,3.3mmol)in anhydEt20 (20mL). After 1h thesuspension
wascooledat - 78°C anda solutionof 2 (300mg,0.66mmol)and
Me3SiCI (0.17mL, 1.32mmol)in anhydEt20 (10mL) wasadded.
The mixturewas stirredfor 1.5h at - 78°C, and thenquenched
with NH4C1solution.The organiclayerwaswashedwith NH4C1
solution,until thebluecolor of thewaterphasedisappeared,and
thendried(MgS04). Evaporationofthe solventgaveanoily residue
which was purified by column chromatography(hexane/EtOAc,
4:1) to furnish 5 (360mg,84%) as a white solid; mp 46-48°C;
[ajo-19.8 (c =0.5,MeOH).
IHNMR (CDCI3): b=7.71-7.67(m, 4H), 7.49-7.40 (m, 6H),
6.82(d, J =8.8Hz, 1H), 6.70-6.68(m, 2H), 4.75-4.73(m, 1H),
4.13-4.10(m, 1H), 3.95(dd, J =10.5,4.9Hz, 1H), 3.85(s, 3H),
3.84(dd,J =10.5,2.4Hz, 1H), 3.46(dt,J =9.3,2.6Hz, 1H), 3.18
(dd, J =17.8, 9.3Hz, 1H), 2.57 (dd, J =17.8, 2.6Hz, 1H),
1.94-1.81(m, 6H), 1.65-1.60(m, 2H), 1.44(s,9H), 1.12(s,9H).
13CNMR (CDCl3): b =174.2,149.6,149.1,148.1,136.6,135.6,
133.0,130.0,127.9,118.2,113.0,112.2,83.0,80.4,67.0,64.2,56.1,
39.9,38.2,32.8,28.0,26.9,24.1,19.2.
IR (CHBr 3):v=1778,1737,1710,1305,1257,1143cm-l.
Anal. calcdfor C38H49N06Si:C, 70.88;H, 7.67;N, 2.18.Found:
C, 70.70;H, 7.80;N, 2.08.
(4R ,5S)-I-tert-Butoxycarbonyl-4-(3-cyclopentyloxy-4-methoxy-
phenyl)-5-hydroxymethyIpyrroIidin-2-one(6):
To a solutionof 5 (2.72g, 4.22mmol)in THF (60mL), wasadded
Et3N·HF (2.05g, 16.90mmol).The mixturewas stirredfor 5d at
r.t.anddilutedwithEtOAc (120mL), washedwithNH4C1solution
(3x 60mL) andextractedwith EtOAc (2x 60mL). The combined
organiclayersweredried(MgS04) andthesolventevaporated.The
remainingoil was purified by column chromatography(hexane/
EtOAc, 1:1) to give 1.57g (92%) of a colourlessoil, which cry-
stallizeduponstanding;mp56-58°C; [ajo-34.6 (c =1.0,MeOH).
1H NMR (CDCI3): b =6.84(d, J =8.3Hz, 1H), 6.76(dd,J =8.3,
2.2Hz, 1H), 6.73(d,J =2.2Hz, 1H),4.77-4.71(m,1H),4.14-4.10
(m, 1H), 4.00-3.96 (m, 1H), 3.85 (s, 3H), 3.85-3.81(m, 1H),
3.32-3.26 (m, 1H), 3.08 (dd, J =17.8,9.2Hz, 1H), 2.56 (dd,
J =17.8,4.6Hz, 1H), 2.42(t, J =5.5Hz, 1H), 1.97-1.83(m,6H),
1.64-1.60(m, 2H), 1.57(s,9H).
13CNMR (CDCI3): b =173.7,150.8,149.2,148.1,135.1,118.6,
113.2,112.3,83.7,80.5,67.3,64.0,56.1,40.1,38.5,32.9,28.0,24.1.
IR (KBr): v=3411,1778,1711,1515,1365,1303,1254,1151cm-l.
Anal. calcdfor C22H3IN06: C, 65.15;H, 7.71;N, 3.46.Found: C,
64.95;H, 7.70;N, 3.28
(2S,3R)-I-tert-Butoxycarbonyl-3-(3-cyclopentyloxy-4-methoxy-
phenyl)-5-oxopyrrolidine-2-carboxylicAcid (7):
To a solutionofthealcohol6(0.44g, 1.09mmol)in acetone(10mL)
was addedJones reagentl5(1.87mL) at O°C. The mixturewas
stirredfor 90min at O°C and for 90minat r.t. beforetheaddition
of propan-2-01(1mL). A satdaqsolutionof NaHC03 (10mL) was
addedand themixturewasextractedwithEtOAc (3x 10mL). The
aqueouslayerwasacidifiedwith1N HCI andextractedwithEtOAc
(3x 10mL). The combinedorganiclayersweredried(MgS04) fil-
teredandconcentratedin vacuoto give7 (0.23g; 50%) asa white
solid; mp 63-65"C; [an° +37.7(c =0.5,MeOH).
IH NMR (CDCl3): b =6.81 (d, J =8.5Hz, 1H), 6.74 (d,
J =8.5Hz, 1H), 6.72(s, 1H), 4.75-4.72(m, 1H), 4.56-4.52(m,
1H), 3.81(s,3H), 3.50-3.45(m, 1H), 3.04(dd, J =17.5,9.0Hz,
1H), 2.65(dd,J =17.5,3.0Hz, 1H), 1.90-1.77(m,6H), 1.60-1.56
(m, 2H), 1.46(s,9H).
13CNMR (CDCl3): b =174.9,172.8,150.0,149.2,148.0,133.4,
118.3,113.1,112.2,84.6,80.6,65.8,56.1,39.2,38.9,32.7,27.8,24.0.
IR (KBr): v=3436,2965,1784,1747,1514,1306,1259,1152,910,
733cm-l.
Anal. calcdfor C22H29N06: C, 62.98;H, 6.97;N, 3.34.Found: C,
62.65;H, 6.97;N, 3.19.
4-(3-Cyclopentyloxy)-4-methoxyphenyl)pyrrolidin-2-one(R)-( -)-
Rolipram(- )-1):
To a solutionof acid7 (60mg,0.143mmol)in anhydTHF (1mL)
underargonat -15°C wasaddedN-methylmorpholine(0.016mL,
0.143mmol)and isobutylchloroformate(0.018mL, 0.143mmol).
After stirring for 15min at this temperature,a solution of N-hy-
droxy-2-thiopyridone(22mg, 0.172mmol) and Et3N (0.024mL,
0.172mmol) in anhydTHF (1mL) was added.The mixturewas
stirredat -15°C underargon,shelteredfromlight(aluminumfoil),
for 1h. The precipitateof N-methylmorpholinehydrochloridewas
filteredandwashedwith moreanhydTHF underprotectionfrom
light (aluminum foil). To the filtrate was added tert-butylthiol
(0.16mL, 1.43mmol) and the mixture was irradiatedwith two
100watttungstenlampsatr.t. underargonin a waterbathfor 1h.
Et20 (5mL) wasaddedand theorganiclayerwashedwith 0.1N
NaHC03 solution (2x 5mL), 0.5 N HCl (2x 5mL) and brine
(2x 5mL). The organiclayerwasdried(MgS04) and thesolvent
evaporated.The remainingoil waspurifiedbycolumnchromatog-
raphy(hexane/EtOAc,1:1)toatrord25mg(64%) of a whitesolid;
mp 130-132°C (Lit.1 mp 131-133°C;Lit.3 mp 126-128°C;Lit.6
mp 130-132°C); [ajo - 31.8(c =0.5, MeOH). (Lit1 [ajo - 31.0
(c =0.5, MeOH); Lit3 [ajo -19.5 (c =1.15,MeOH); Lit6 [ajo
- 30.2(c =0.1,MeOH)).
IHNMR (CDCl3): b =6.80(d, J =7.8Hz, 1H), 6.75(dd, J =7.8,
2.0Hz, 1H), 6.74(d, J =2.0Hz, 1H), 5.95(br s, 1H), 4.77-4.72
(m, 1H), 3.81(s, 3H), 3.73(app t, J =8.5Hz, 1H), 3.61(app p,
J =8.5Hz, 1H), 3.35(dd,J =9.0,7.5Hz, 1H), 2.69(dd,J =18.5,
8.5Hz, 1H), 2.45(dd, J =18.5,9.0Hz, 1H), 1.90-1.79(m, 6H),
1.60-1.57(m,2H).
13CNMR (CDCI3): b =177.5,149.1,147.9,134.4,118.7,113.7,
112.1,80.5,56.1,49.7,40.0,38.0,32.8,24.0.
IR (KBr): v=3199,2960,1687,1515,1263,1237,1163,1140,1028,
813,736cm-l.
,
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4-(3-Cyclopentyloxy)-4-methoxyphenyl)pyrrolidin-2-one [(±)-Rolip-
ram, (±)-11:
The experimentalprocedurewas identicalto thatdescribedabove
for 5. In thisway theracemate(±)-1(0.29g, 81%) wasobtained
as a whilesolid; mp 130-131°C (Lit.! mp 130°C).
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